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(57) ABSTRACT

A coil scheduling system and a method for electrogalvanizing
line in steel industry are disclosed. In addition to considering
the minimum changeover of physical parameters such as
post-processing mode, width, thickness between every two
adjacent steel coils, the method of the present invention fur-
ther considers the influence of selecting coils on the produc-
tion system stability due to the changeover of post-processing
mode, width and thickness, and, thereby less adjusting the
production equipment. Thus, the coils are smoothly pro-
duced, and more reasonable production process is obtained.
The result of comparing the coil production schedule con-
trolled by coil scheduling system for electrogalvanizing line
in steel industry of the present invention with that of the
production schedule determined manually shows that the
number of changeover is reduced by 31.51%, and the adjust-
ment of the production equipment is effectively reduced.
Thus, the product quality is improved, and the enterprise
benefit is increased.

4 Claims, 9 Drawing Sheets

Pay-off reel 2

Sodium Hydroxide

Elgetrode

Coiling-up

tLooper  Shearing



US 9,181,626 B2

Sheet 1 of 9

Nov. 10, 2015

U.S. Patent

dn-Suipron

[ DId

SIBHNS U7 i Swzivearen

Suiresyg 1adooT yxg 1adooT Anug

O

Juissoooxd
41s0d

_|Sussoooid
-01g

QUIYORIA
Surpjom

apondsyy

OPIXOIPAH WNIPOS

)

7 1991 Jjo-Aed

1ep

I (001 jjo-Aed
[150)




U.S. Patent Nov. 10, 2015 Sheet 2 of 9 US 9,181,626 B2

N

- Enterprise Internal

. Information  pigplay Tenminal
\Management System

ol TR ’ Automatic Control
Production Equipment Systern

FIG 2



U.S. Patent Nov. 10, 2015 Sheet 3 of 9 US 9,181,626 B2

Starting

A
Setting the parameters of coil
scheduling system for
electrogalvanizing line in steel industry

Selecting coils based on inventory and
production conditions of the preceding lines

A
Obtaining initial coil processing
schedule of selected coils

4
Improving the initial coil processing schedule of

electrogalvanizing line in real time

Displaying and sending result to the automatic
control system of electrogalvanizing line

FIG 3



U.S. Patent Nov. 10, 2015 Sheet 4 of 9 US 9,181,626 B2




U.S. Patent

Nov. 10, 2015 Sheet 5 of 9

™.

< Starting >

(N

N

Setting coil scheduling optimization objective
of electrogalvanizing line

N

Setting the coil scheduling feasibility
constraint for electrogalvanizing line

Wi
\Y

Setting coil scheduling process and operation
constraint for electrogalvanizing line

At

Initializing the parameters of the coil

production system of electrogalvanizing line |

| Terminating )

FIG. 6

US 9,181,626 B2



U.S. Patent

Nov. 10, 2015 Sheet 6 of 9

Starting

Corfivmmg pmc\\yni«« papeldlily range of
post-processing fluld currenty used by
cleatropalvantying ling

a3

Calculaling surplus procssing capshiidy of
post-processing fluld currsntly used by
cleaiog

sl veing live

US 9,181,626 B2

Sexting plan geoss weight upper it 9z
the surplus processing capabilify of post-
rocessing fhaid currently used by the

Dielormining the upper limit of
available width of the current
processing roll

B S B R T DR AR
the procsssing requitements of pm{-
Pl %@d wishih

~IEiging whether selectsd ads~o
Nh upper Limit and !ox vor limit oS

Teﬁnmatmg

clecirogalvanizing ling

Selecting the narrowest
candidate cotl m@ﬁame
the mqus:m.

Judging whether "y
cted coils meet the surplus

z capacity of ourvent

Updating the current unit
postprovessing mode k to k1

Y

Sefecting coils of post-processing mode k

|

~

Seleoting the candidats sots

meeimg the coli switching ||

rapge constraint from
narrow o witde

Hva

cosia sarisiy the swplus
srocessing capacly of current
oegprocesing Higuid of liged
N
.

FiG 7



U.S. Patent Nov. 10, 2015 Sheet 7 of 9 US 9,181,626 B2

@

Setting various coil
scheduling schemes for
electrogalvanizing line

Comparing various coil
scheduling schemes for
electrogalvanizing line

Selecting the coil scheduling schemes with excellent
objective function value as the initial coil processing
schedule of the electrogalvanizing line

< Ending )

FIG. 8



U.S. Patent Nov. 10, 2015 Sheet 8 of 9 US 9,181,626 B2

< Starting )

Initializing parameters ot
system stability

improvement method

Calculating current coil
scheduling evaluation value

of electrogalvanizing line

Determining set of candidate
improvement schemes of current coil

scheduling

Establishing reterence set
for coil scheduling

improvement schemes

Improving candidate coil
scheduling improvement
scheme

Whether updating the bes
candidate improvement scheme in the
ndidate improvement set or no

<Terminating>

FIG. 9

Yes




U.S. Patent Nov. 10, 2015 Sheet 9 of 9 US 9,181,626 B2

Electrogalvanizing
Production Environiment
Seiting Module

A

Coil Selection Module

o

)
Blectrogalvanizing Coil
Selection Scheme {

Elecirogalvanizing Coil
Scheduling Module

Electrogalvantung hnitial Coill ).
/ Seheduling Scheme
E

Electregalvanizing Coil
Scheduling Real-Time
Improvement Module

AL

/ Elecirogalvamzing Col i/
Scheduling Scheme

FIG 10



US 9,181,626 B2

1

COIL SCHEDULING METHOD AND SYSTEM
FOR ELECTROGALVANIZING LINE IN
STEEL INDUSTRY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the technical field of metal
material processing information, which relates to automation
technology, and in particular to a coil scheduling method and
system for electrogalvanizing line in steel industry.

2. The Prior Arts

The coil scheduling for electrogalvanizing line is consid-
ered as a main production and management content of met-
allurgical enterprises, and the quality of coil scheduling
directly affects the stability and operating efficiency of elec-
trogalvanizing line, the product quality and production costs.

Take a steel plant as an example: annealed coils are mainly
used as the raw material of electrogalvanizing strip steel, the
annealed coils are uniformly painted with a layer of metallic
zinc to achieve the aim of rust prevention, beautiful appear-
ance and the other surface characteristics, and the electrogal-
vanizing line is the process to achieve the above processing
objective by zinc painting, post-processing. The main elec-
trogalvanizing process (as shown in FIG. 1) includes: uncoil-
ing the coils, welding the coils into a continuous strip steel,
sending the strip steel to the electrogalvanizing unit after
cleaning and treating the surface of the strip steel, forming a
uniform compact and well-combined metallic zinc deposit
layer on the surface of the strip steel; thereafter, post-process-
ing the strip steel to improve the plating or corrosion resis-
tance by passivation, parkerising, fingerprint resistant pro-
cessing; finally, cutting and coiling up the post-processed
strip steel into coils after cleaning, oiling and trimming.

Because of the requirement of the electrogalvanizing pro-
cess, there are some restrictions for the coil production sched-
ule during the production operation of the electrogalvanizing
line, which directly affects the stable operation of equipment,
the productivity ofthe electrogalvanizing line and the product
quality. The coil production schedule of the electrogalvaniz-
ing line is to make the coils smoothly transitioned as far as
possible while satisfying the process constraints of specifica-
tion, zinc layer thickness, post-processing requirement, so as
to increase the operation speed of the electrogalvanizing line,
guarantee the product quality, and develop the productivity of
the electrogalvanizing line. In the electrogalvanizing process,
the coils are welded into a continuous strip. The more
changeover of thickness and width between two adjacent
coils is, the more the possibility of causing the strip to break
and the rollers to wear is, moreover, the production stability
and the operating efficiency of the electrogalvanizing line
will decrease. If the required post-processing modes of two
adjacent coils are different, the post-processing liquid in the
electrogalvanizing line needs to be replaced. Thus, in order to
process the latter coil in accordance with the corresponding
post-processing mode, after processing the former coil, it is
necessary to adjust the pulling speed of the equipment strip
and even stop the operation. At this moment, the latter coil is
paused in the electrogalvanizing line, and the quality of the
coil is reduced in the process of equipment adjustment.

At present, in the practical electrogalvanizing production,
the coil scheduling of electrogalvanizing line is manually
accomplished. Because the electrogalvanizing process has
the complicated constraints, and large number of coils to be
considered in actual production, it is difficult for manual
scheduling to select coils, make coil processing schedule in
reasonable time, with the objective of guaranteeing the
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2

smooth transition of the width and thickness of adjacent coils,
guaranteeing product quality, increasing productivity and
guaranteeing the stable operation of the electrogalvanizing
line.

SUMMARY OF THE INVENTION

In view of the defects in the existing method, the present
invention provides a coil scheduling method and system for
electrogalvanizing line in steel industry, to achieve the aims
of guaranteeing the smooth transition of the width and thick-
ness of adjacent coils, guaranteeing product quality, increas-
ing productivity, and guaranteeing the stable operation of
electrogalvanizing line.

The aim of the present invention is achieved by the follow-
ing technical scheme. A coil scheduling method for electro-
galvanizing line in steel industry comprises the following
steps:

Step 1: Describing a technological process and determin-
ing constraints of the technological process, and describing in
accordance with the following model:

Step 1-1: The objective function of the coil production
model of the electrogalvanizing line is:

5 n » )
Minimize A; XZ Z (F+cf +chx+2, XZ PiYi
=1 j=1 i=1

In the formula, A, represents the weight of the effect of the
production switching (i.e. postprocessing (each postprocess-
ing mode corresponds to a distinct postprocessing code and a
distinct postprocessing liquid), width and thickness) on the
stability of the production system; A, represents the weight of
the effect of selection of the coils on the stability of the
production system; cijP represents system stability defect
penalty caused by changing the postprocessing liquid if coil j
is processed immediately after coil 1; cl.erepresents system
stability defect penalty caused by width changeover if coil j is
processed immediately after coil i; cl.jT represents system
stability defect penalty caused by thickness changeover if coil
j 1s processed immediately after coil i; p, represents system
stability influence penalty of processing the selected coil 1 by
the current coil selection schedule; decision variable x,; rep-
resents the adjacent relation between the coil i and the coil j in
the continuous electrogalvanizing processing schedule; when
the coil 1 is processed immediately before the coil j, x,; is 1;
otherwise, x,; is 0; decision variable y, represents whether the
coil iis selected to be processed in the continuous electrogal-
vanizing processing schedule; when the coil i is selected to be
processed, y; is 1; otherwise, y, is O; the number of available
coils to be processed is n;

The constraints of the coil production model of electrogal-
vanizing line comprise constraints to keep feasibility and
operation constraints in electro-galvanizing line:

1) The formula of the constraints to keep feasibility is:

Z xj=y; VieN @

JeNi}

. 3
Z x;=y; VjeN
e}
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-continued
4
Zx;jﬁlSl—lVSg{l,Z,...,n—l,n}, “
i,jes
2=|S|=n
x5 v €40, 1} Vi=1,2,... ,n-1,n, (5)

j=L2,... ,n=-1,n

Where, N indicates a set of available coils in the preceding
inventory. Constraints (2) and (3) provide a relationship
between decision variables x,; and y;; constraints (4) are used
for preventing the coils from being preempted in the working
process; constraints (5) are the range of decision variables x,;
and y,;

In addition to having the above system constraints to keep
feasibility (2)-(5), the electrogalvanizing line has operation
constraints in electro-galvanizing line during processing the
coils:

2) The formula of the constraints for ensuring that the
formulated coil processing schedule satisfies the upper limit
and the lower limit of the total weight of the processed coils is
as follows:

LsZwt;y;sUVieN ©

ieN

Where, L indicates the lower limit of the total weight of the
processed coils in a single production plan of the electrogal-
vanizing line; U indicates the upper limit of the total weight of
the processed coils in a single production plan of the electro-
galvanizing line; wt, indicates the weight of the coil i of the
electrogalvanizing line;

3) The postprocessing batching constraints comprise con-
straints for determining the total weight of the coils in the
same postprocessing liquid after processing any coil in the
coil processing schedule with the same postprocessing
requirement: the formula is as follows:

Wj:(l—zj)x(W;+Z wtjx;j] @

JEN

VjieN

And constraints for guaranteeing that the total weight of
the coils in the same postprocessing liquid satisfies the upper
limit and the lower limit of the total weight of the continuous
processed coils in the same postprocessing liquid: the for-
mula is as follows:

P P
ijlzjsszUpjlzj ®

VieN

Where, L, - ? indicates the lower limit of the total weight of
the contlnuous processed coils with the postprocessing code
of pj P ! indicates the postprocessing code of the coil j; W,
indicates the total weight of the processed coils in the same
postprocessing liquid after processing the coil j; U, -* indi-
cates the upper limit of the total weight of the contlnuous
processed coils with the postprocessing code of p] ; 7, indi-
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cates a decision variable; when the postprocessing code ofthe
coil j and the postprocessing code of the coil processed imme-
diately before the coil j are identical, it is 0; otherwise, itis 1;
4) The formula of the constraints of the width switching
trend for ensuring that the coils in the same postprocessing
liquid are processed from wide to narrow is as follows:

(wy— )xanVzEN]ENpZ p1

©

Where, w; represents the width of coil j;

5) The formula of the constraints of the width changeover
range for ensuring that the changeover of the exit width
between two adjacent coils in the electrogalvanizing process-
ing plan does not exceed the allowed range is as follows:

L7s(w-w)xx,sU" Vi €N, j EN 10)

Where, L” represents the lower limit of width changeover
range in the coil processing schedule of electrogalvanizing
line; U% represents the upper limit of width changeover range
in the coil processing schedule of electrogalvanizing line;

6) The formula of the constraints of the thickness
changeover range for ensuring that the changeover of the exit
thickness between two adjacent coils in the electrogalvaniz-
ing processing plan does not exceed the allowed range is as
follows:

Ts(t-1,)x=UT Vi EN, jEN an

Where, L7 represents the lower limit of thickness
changeover range in the coil processing schedule of electro-
galvanizing line; U” represents the upper limit of thickness
changeover range in the coil processing schedule of electro-
galvanizing line; t, represents the thickness of coil i; t; repre-
sents the thickness of coil j;

Step 1-2: Initializing the parameters of the production sys-
tem of the electrogalvanizing line based on the upper limit
and the lower limit of the processing capacity of the electro-
galvanizing line within the coil processing plan, the upper
limit and the lower limit of the processing capacity of a
postprocessing liquid, the width changeover range and the
thickness changeover range, the coils in preceding inventory,
the coils that are estimated to be arrived in electrogalvanizing
line in time and are being processed in the preceding produc-
tion line now, and the current processing state of the electro-
galvanizing line: the formula is as follows:

Setting system stability defect penalty cl.jP caused by
changing the postprocessing liquid if coil j is processed
immediately after coil i, as follows:

» if the postprocessing liquid required by (12)

= pfl * the coil i and the coil Jj are different
0, otherwise
Where, kp -1 represents system stability detect penalty

incurred by the initialization of the postprocessing liquid
corresponding to the postprocessing code p; -1

Setting the system stability defect penalty cijW caused by
width changeover if coil j is processed immediately after coil
1, the formula is as follows:

ay - (w—wy), If Oﬁwi—szwf and 7; < & (13)
" ay - (wi —wj), IfOsw;—WjSW%andt‘-ZIL
Y If wi—w; <0

af - (w; —w;), otherwise
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Where, o," represents the penalty of the unit width
changeover under the condition that the thickness of the pre-
ceding processed coil is less than t* and the width changeover
is not more than w,%; a.," represents the penalty of the unit
width changeover under the condition that the thickness of the
preceding processed coil is not less than t* and the width
changeover is not more than w,”; c.;™ represents the penalty
of the unit width changeover not satisfying the condition that
the thickness of the preceding processed coil is less than t*
and the width changeover is not more than w,* or the thick-
ness of the preceding processed coil is not less than t* and the
width changeover is not more than w,* when processing from
wide to narrow; t° represents a thickness boundary value
during calculating system stability defect penalty caused by
thickness changeover; w,* and L, represent width boundary
values during calculating system stability defect penalty
caused by width changeover;

Setting system stability defect penalty cijT caused by thick-
ness changeover if coil j is processed immediately after coil i;
the formula is as follows:

s max {l‘;, l‘j} (14)

1
=o' - —
Y min {z;, 7;}

Where, o represents the unit system stability defect pen-
alty incurred by the thickness changeover;

Setting the system stability influence penalty p, incurred by
processing the selected coil 1 in the current coil schedule;

Step 2: Selecting the coils according to the current state of
the electrogalvanizing line; the selection method comprises
the following steps: selecting the coils of the electrogalvaniz-
ing line to be processed according to the current line state and
the inventory and production conditions of the preceding
lines: firstly, judging postprocessing liquid k adopted by the
current line; computing the total weight W,” of the coils that
have been processed by using the postprocessing liquid k;
determining the current processing capacity of the postpro-
cessing liquid according to the rated processing range of the
postprocessing liquid [[,Z, U?] set by a system: Q=U,"~
WkP;

If U,Z-W,”<U, the coils are selected as follows:

Step 2.1: Judging the current processing state of the line;
finding the width of the last coil in the production schedule
before the current formulated production schedule, that is the
upper limit of the available processing width W of the cur-
rent roller;

Step 2.2: Determining the total weight of available coils in
the current production period according to the preceding
inventory of the electrogalvanizing line and the processing
condition of the preceding production line; classifying the
coils in a required postprocessing mode; computing the total
tonnage W, of the available coils which should be processed
by using the postprocessing liquid k and have the width of not
greater than W+; judging as follows:

If W, =Q, all the coils, which should be processed in the
required postprocessing liquid k and have the width of not
greater than W<, are selected; recording all related coil num-
bers;

If W >Q, selecting from the coils which should be pro-
cessed in the required postprocessing liquid k and have the
width of not greater than W*. The selection method com-
prises the following steps:

Step 2.2.1: If there is no coil whose width is greater than or
equal to W*+L" in the coil set, selecting coils from narrow to
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6

wide until the newly added coils cause the current total weight
of the selected coils to exceed U,7-W,7;

Step 2.2.2: If there are coils whose widths are greater than
or equal to W*+L " in the coil set, computing the total tonnage
W' of the coils whose widths are not less than W4+L"; if
W'=U,”-W,”, selecting coils whose width is not less than
W4+L” from wide to narrow until the total weight of the
selected coils exceeds U,”-W,”; otherwise, selecting all the
coils whose widths are not less than W<+L” and selecting
coils whose width is less than W*+L" from narrow to wide
until the total weight of the current selected coils exceeds
U W7

Step 2.2.3: If the total weight of the selected coils does not
meet the lower bound of the total weight of the selected coils,
selecting coils required to be processed in the other postpro-
cessing liquid; selecting coils according to the ascending
order of the postprocessing codes, i.e., firstly selecting the
coils in the postprocessing mode g=k+1; updating the upper
weight limit of the total weight of the selected coils as
U=U -(U,"-W,"):

(1) If the total weight of available coils required to be
processed by using the postprocessing liquid g meets W, =U',
selecting coils required to be processed by using the postpro-
cessing liquid g from narrow to wide until the total weight of
selected coils exceeds U;

(2) If the total weight of available coils required to be
processed by using the postprocessing liquid g meets W, <U',
selecting all the coils required to be processed by using the
postprocessing liquid g, updating k=k+1, and going to step
223,

where, updating k as the smallest postprocessing code if
the current postprocessing code k in the step 2.2.3(2) is the
largest postprocessing code; the current postprocessing code
g of selecting means the postprocessing code that the selected
coils correspond to;

If U2 -W,7>U, the selection steps of the coils are as
follows:

Step 2-1: Judging the current processing state of the line;
finding the width of the last coil in the schedule before the
current formulated schedule, that is the upper limit of the
available processing width W of the current roller;

Step 2-2: Determining the total weight of available coils in
the current production period according to the preceding
inventory of the electrogalvanizing line and the processing
state of a preceding production line; classifying the coils in a
required postprocessing mode; computing the total tonnage
W, of the available coils which are required to be processed
by using the postprocessing liquid k and have the width of not
greater than W<; judging as follows:

If W,<U, all the coils, which are required to be processed
by using the postprocessing liquid k and have the width of not
greater than W+, are selected; recording all related coil num-
bers;

If W >U, selecting from the coils which are required to be
processed by using the postprocessing liquid k and have the
width of not greater than W+:

Step 2-2-1: If there is no coil whose width is greater than or
equal to W%+L" in a coil set, selecting coils from narrow to
wide until the selected coils result in that the total weight of
the selected coils exceeds U,

Step 2-2-2: If there are coils whose widths are greater than
or equal to W*+L " in the coil set, computing the total tonnage
W' of the coils whose widths are not less than W+L"5f
W'=U, selecting coils whose width is not less than W*+L"”
from wide to narrow until the selected coils result in that the
total weight ofthe selected coils exceeds U; otherwise, select-
ing all the coils whose widths are not less than W<+L"” and
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selecting coils whose width is less than W<+L" from narrow
to wide until the total weight of the selected coils exceeds U,

Step 2-2-3: If the total weight of the selected coils does not
meet the lower bound of the total weight of the selected coils,
selecting coils in the other postprocessing mode; selecting
coils according to the ascending order of the postprocessing
codes, i.e., firstly selecting the coils in the postprocessing
mode g=k+1; updating the upper weight limit of the total
weight of the selected coils as U'=U-W,:

(1) If the total weight of available coils required to be
processed by using the postprocessing liquid g meets W, =U',
selecting coils in the postprocessing mode g from narrow to
wide until the total weight of the selected coils exceeds U;

(2) If the total weight of available coils required to be
processed by using the postprocessing liquid g meets W <U',
selecting all the coils in the postprocessing mode g, updating
k=k+1, and going to step 2-2-3;

Step 3: Setting the initial processing schedule of the
selected coils of the electrogalvanizing line; classifying the
selected coils, then the coils with same postprocessing code
form a cluster; for any coil cluster, scheduling the coils from
thick to thin or from thin to thick in order to minimize the total
changeover costs of the coil schedule in the cluster; for two
adjacent clusters, if the coils in the preceding cluster are
scheduled from thin to thick or from thick to thin, the coils in
the next cluster are scheduled from thick to thin or from thin
to thick; in this way, the thickest or thinnest coil in the next
cluster is processed after the thickest or thinnest coil in the
preceding cluster; the method is as follows:

Step 3.1: Initializing the current postprocessing code k as
the minimum postprocessing code in the selected coils;

Step 3.2: If all the coils in the postprocessing mode are
scheduled, obtaining the original processing schedule of the
coils and outputting a result; otherwise, going to step 3.3;

Step 3.3: Scheduling the coils required to be processed by
using the postprocessing liquid k from wide to narrow; clas-
sifying the coils required to be processed by using the post-
processing liquid according to their widths, thus g coil sets
Q1> Qo5 - - -, 8y, are formed;

Step 3.4: Scheduling the coils in the coil sets Q,,,
Quo, - - - » L4y, respectively, to form two coil schedules, where
the method to obtain the first schedule comprises the steps:
scheduling the coils in the coil set €, with odd labels from
thick to thin; scheduling the coils in the coil set £2,, with even
labels from thin to thick; the method to obtain the second
schedule comprises the steps: scheduling the coils in the coil
set £, with odd labels from thin to thick; scheduling the coils
in the coil set £, with even labels from thick to thin; com-
paring the two schedules; setting the coil schedule with the
minimum total stability defects as the initial coil schedule S7
of the selected coils of the electrogalvanizing line;

Step 4: Improving the coil schedule of the electrogalvaniz-
ing line in time. The improving method comprises the follow-
ing steps:

Step 4.1: Initializing the parameters of the improving
method of the system stability; setting the current processing
schedule S? of the coils of the electrogalvanizing line as S
obtaining the current selected coil set CS and the current
available coil set CA, where CS is a coil set for all the coils
selected in the current processing schedule of the electrogal-
vanizing line; CA is a coil set of all the coils which are in
inventory or can be sent to the electrogalvanizing line in time
based on the processing state of the preceding line but not
selected in the current coil processing schedule of the elec-
trogalvanizing line; |CS| is the number of the coils in the
current selected coil set CS; ICAl is the number of the coils in
the current available coil set CA; obtaining the coil process-
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8

ing schedules m;, m,, . . ., m,g corresponding to the current
coil processing schedule SZ of the electrogalvanizing line,
where m, is a coil which is the i processed coil in the current
coil processing schedule of the electrogalvanizing line; set-
ting a stability estimation value as the formula:

~ 2 n 1)
f(S):/IIXZ Z (05+c¥/ +c§)xisj+/12><z p;yf
i=1

i=1 =1

In the formula, the stability estimation value is a system
stability penalty of the coil processing schedule S. The
smaller the punishment value is, the stabler and more practi-
cable the coil schedule is.

Step 4.2: Computing the stability estimation value {S%) of
the current coil processing schedule of the electrogalvanizing
line;

Step 4.3: Determining the candidate improvement set P of
the current coil processing schedule S? of the electrogalva-
nizing line; obtaining the improving method of the coil pro-
cessing schedule, as follows:

(1) Inserting the coils: On the premise of not violating the
production capacity constraints and postprocessing batching
constraints, obtaining a candidate improved coil processing
schedule by inserting new coils h in the current coil process-
ing schedule; the positions of the new coils h in the coil
processing schedule shall meet the processing constraints (1)
to (11) set by the system;

(2) Deleting the coils: On the premise of not violating the
production capacity constraints and postprocessing batching
constraints, obtaining a candidate improved coil processing
schedule with lower stability estimation value by deleting the
coil (i=1, 2, . . ., ICSI) from the current coil processing
schedule while ensuring that the width and thickness switch-
ing range of coil and coil m,, ; does not violate the constraints
(10), (11) after deleting the coil m,;

(3) Adjusting coil selection schemes: On the premise ofnot
violating the production capacity constraints, postprocessing
batching constraints and the processing constraints (2)to (11)
set by the system, obtaining a candidate improved coil pro-
cessing schedule with lower stability estimation value by
exchanging the coils in the coil CS in the current coil pro-
cessing schedule and the coils in the current available coil set
CA,;

(4) Adjusting the coil processing schedule: On the premise
of'not violating the production capacity constraints and post-
processing batching constraints, obtaining a candidate
improved coil processing schedule with lower stability esti-
mation value by adjusting the positions of the coils in the
current coil processing schedule through the exchange neigh-
borhood and the 2-opt neighborhood of the current coil pro-
cessing schedule;

Where, the exchange neighborhood of the current coil pro-
cessing schedule refers to: a set of all the possible coil sched-
ules obtained by exchanging the positions of any two coils in
the coil processing schedule of the electrogalvanizing line on
the premise of not violating the processing constraints (2) to
(11) set by the system;

2-opt neighborhood refers to: a set of all the possible coil
schedules obtained by exchanging any two coil adjacent rela-
tions in the coil processing schedule of the electrogalvanizing
line on the premise of not violating the processing constraints
(2) to (11) set by the system;

Step 4.4: Establishing a reference set of improvement
schemes of the coil processing schedule; adding the previous
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b1 candidate improvement schemes with better stability esti-
mation values in the current candidate improvement set P into
the reference set, i.e. RefSet={x, . . ., X, }; removing the b,
candidate improvement schemes from the candidate
improvement set P; computing the minimum distance
between each candidate improvement scheme in the current
candidate improvement set P and the current coil scheduling
scheme in the reference set; adding the candidate improve-
ment scheme of the coil processing schedule with the largest
minimum distance from the reference set into the reference
set RefSet; removing it from the candidate improvement set
P; repeating the process b, times; then, the current reference
set RefSet={x', . .., x’}, b=b,+b,;

Step 4.5: Generating b(b-1) new coil improvement
schemes based on any pair of coil processing schedules in the
reference set RefSet by using the combined method of the coil
scheduling schemes; improving the new improvement
schemes; obtaining candidate coil scheduling improvement
schemes with better stability by using steps 4.3 (1) to (4);

The combined method of the coil scheduling schemes
comprises the steps: firstly, contrasting the coil selection of
two coil processing schedules; obtaining a set comprised by
the coils selected by the two coil scheduling schemes; sec-
ondly, determining the processing positions of the coils in the
set comprised by the coils selected by the two coil scheduling
schemes; if adjacent coils both belong to set comprised by the
coils selected by the two coil scheduling schemes, the adja-
cent relation in the coil processing schedules with better
system stability is adopted; if adjacent coils do not belong to
the set comprised by the coils selected by the two coil sched-
uling schemes, trying to insert the coils into primal positions;
obtaining the coil processing schedule with better evaluation;

Step 4.6: Updating the candidate improvement set P;
replacing solutions with poor stability in the candidate
improvement set P by the new candidate coil scheduling
improvement schemes with better stability;

Step 4.7: If the time that the best candidate improvement
scheme in the candidate improvement set P is not improved
reaches the upper limit of non-improvement iterations, stop-
ping selecting the candidate improvement scheme with the
best evaluation value in the candidate improvement set P as
the current improvement scheme; otherwise, going to the step
4.4.

A coil scheduling system for electrogalvanizing line in
steel industry comprises at least one personal computer (PC),
at least one cable interface or fiber optic cable interface or
special telephone line interface, and at least one router; the PC
is internally installed with the system for scheduling the coils
of the electrogalvanizing line; the software comprises a pro-
duction environment setting module, a coil selection module,
a coil scheduling module and a coil scheduling real-time
improvement module, where the production environment set-
ting module is used for setting the processing parameters of
the production environment of the electrogalvanizing line,
describing a technological process, and determining the
improvement objectives and the constraints of the technologi-
cal process; the coil selection module is used for selecting the
coils and determining the coil selection scheme according to
the current processing state of the electrogalvanizing line; the
coil scheduling module is used for scheduling the selected
coils based on the current coil selection condition, obtaining
various processing schedules of the coils and selecting a
better coil schedule as the current processing scheme; the coil
scheduling real-time improvement module is used for con-
ducting online real-time improvement on the current coil
processing scheme, improving the processing scheme and
obtaining better coil processing schedules; the PC is con-
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nected to the terminal of an enterprise automatic control
system of the electrogalvanizing line through a network and
an internal server.

Advantages of the present invention: the method of the
present invention has the following advantages:

(1) In addition to considering the minimized changeover of
physical parameters such as post-processing mode, width,
thickness of adjacent coils, the method of the present inven-
tion further considers the influence of selecting coils on the
changeover of post-processing mode, width and thickness,
and production system stability, so that the production equip-
ment is less adjusted, and the coils are smoothly produced, to
enable the production process to be more reasonable.

(2) The result of comparing the coil production schedule
controlled by coil scheduling system for electrogalvanizing
line in steel industry of the present invention with that of the
production schedule determined manually shows that the
number of changeover is reduced by 31.51%, and the adjust-
ment of the production equipment is effectively reduced.
Thus, the product quality is improved, and the enterprise
benefit is increased.

(3) Considering that there is similarity between the elec-
trogalvanizing process for other metal material and the elec-
trogalvanizing process of iron and steel enterprises, the opti-
mization method and system provided in the present
invention can further be widely applied to the electrogalva-
nizing process of other metal material in addition to being
applied to the electrogalvanizing process of iron and steel
enterprises.

(4) The present invention combines the method of auto-
matically optimizing coil production schedule with the manu-
ally adjustment interface, and is characterized by the effi-
ciency of the computer and the experience and flexibility of
the planners, thereby improving the performance of the
method to a largest extent.

(5) The coil scheduling system for electrogalvanizing line
in steel industry of the present invention combines modular
design idea with the graphical interface, the modular design
facilitates modification and transplantation of the system, and
the graphical interface facilitates the user to observe opera-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is the flow diagram of the coil scheduling system for
electrogalvanizing line in steel industry;

FIG. 2 is the structural block diagram of the coil scheduling
system for electrogalvanizing line in steel industry of the
present invention;

FIG. 3 is the flow diagram of the coil scheduling method for
electrogalvanizing line in steel industry of the present inven-
tion;

FIG. 4 is the illustration of the first move in the coil sched-
uling method for electrogalvanizing line in steel industry of
the present invention;

FIG. 5 is the illustration of the second move in the coil
scheduling method for electrogalvanizing line in steel indus-
try of the present invention;

FIG. 6 is the operation flow diagram of the production
environment setting module of the coil scheduling system for
electrogalvanizing line in steel industry of the present inven-
tion;

FIG. 7 is the operation flow diagram of the coil selection
module of the coil scheduling system for electrogalvanizing
line in steel industry of the present invention;
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FIG. 8 is the operation flow diagram of the coil scheduling
module of the coil scheduling system for electrogalvanizing
line in steel industry of the present invention;

FIG. 9 is the operation flow diagram of the coil scheduling
real-time improvement module of the coil scheduling system
for electrogalvanizing line in steel industry of the present
invention; and

FIG. 10 is the structural relation diagram of all the func-
tional modules in the coil scheduling system for electrogal-
vanizing line in steel industry of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will further be described in detail in
accordance with the figures and the preferable examples.

The process flow of the coil scheduling system for electro-
galvanizing line in steel industry in the example is shown in
FIG. 1, and the structure of the coil scheduling system for
electrogalvanizing line in steel industry in the example is
shown in FIG. 2. The coil scheduling system for electrogal-
vanizing line in steel industry comprises a PC, a cable inter-
face, and a router; where the PC is used for achieving and
operating the optimizing system of the present invention, the
router and the cable interface as communication equipment
are used for connecting to the enterprise internal information
management platform, the coil scheduling system and the
automatic control system of production site, to achieve the
aims of optimizing the production process and improving the
quality of products; the PC should support operating systems
including Windows operating system as support platform,
have Microsoft SQL Server 2000 database that has been
installed on it for supporting data management, and be
capable of information transmission; loads coil data informa-
tion (including coil number, order number, entry thickness,
entry width, exit width, exit thickness, coil weight, material
group, supplement number, plating thickness, post-process-
ing mode, trimming mark, date of delivery, steel grade) from
the enterprise ERP data server, sets system parameters (in-
cluding the upper limit and lower limit of the planed gross
weight, the upper limit and lower limit of the total weight of
the coils with same post-processing mode, the upper limit of
the changeover of width and thickness, penalty incurred by
selecting coils, penalty of width or thickness changeover) to
obtain operational objectives of the scheduling method and
system, and adds and deletes coil information one by one in
accordance with the consumption of inventory and the state of
the preceding line, modifies the coil information, and deter-
mines the modified coil information as the coil information
considered in the current production plan; then, enters the
module of automatically optimizing coil schedule. In the
example, the automatic coil scheduling method will be used
for solving the scheduling problem with 12 coils. The detailed
information for the coils is shown in the following Table 1:

TABLE 1

Coil Information

Post-processing Thickness
SN Code Width (mm) (mm) Weight (t)

1 6 800 0.18 14.23
2 6 800 0.18 14.3

3 6 800 0.18 16.31
4 6 800 0.18 12.68
5 6 800 0.18 14.26
6 6 800 0.18 17.08
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TABLE 1-continued

Coil Information

Post-processing Thickness

SN Code Width (mm) (mm) Weight (t)

7 6 800 0.18 13.68

8 6 896 0.18 16.56

9 6 896 0.18 16.1
10 6 896 0.18 17.16
11 6 896 0.18 16.74
12 6 896 0.18 15.97

A coil scheduling method for electrogalvanizing line in
steel industry is used in the example, FIG. 3 shows the flow of
the method, and the method comprises the following steps:

Step 1: Setting the parameters for coil processing of elec-
trogalvanizing line by using the coil production model of
electrogalvanizing line: setting the processing capacity range
of the electrogalvanizing line as [100, 120], the processing
capacity range of a post-processing liquid as [110, 200], the
range of width and thickness changeover as [0, 150] and [0,
2], respectively, based on the preceding inventory of electro-
galvanizing, the coils that can arrive the electrogalvaning line
in the planning period, and the current processing state of
electrogalvanizing line. Initializing the parameters of coil
scheduling system for electrogalvanizing line; separately cal-
culating the system stability defect penalty cijP caused by
changing the postprocessing liquid if coil j is processed
immediately after coil i, the system stability defect penalty
cijW caused by thickness changeover if coil j is processed
immediately after coil i; the system stability defect penalty
cl.jT caused by width changeover if coil j is processed imme-
diately after coil i; the system stability influence penalty p, of
processing the selected coil i by the current coil selection
schedule.

Step 2: Selecting the coils according to the current state of
the electrogalvanizing line;

Selecting the coils of the electrogalvanizing line to be
processed according to the current line state and the inventory
and production conditions of the preceding lines;

In the example, because of U,” -W,7>U, the coil selection
scheme is obtained by performing the following specific
steps:

Step 2-1: Judging the current processing state of the line;
setting the upper limit W of the available width of the current
processing roller as the width of the last coil in the preceding
plan of the current plan;

Step 2-2: Determining the total weight of available coils in
the current production period according to the preceding
inventory of the electrogalvanizing line and the processing
state of a preceding production line; classifying the coils in a
required postprocessing mode; computing the total tonnage
W, of the available coils which are required to be processed

5 by using the postprocessing liquid k and have the width of not

greater than W<; judging as follows:

If W,<U, all the coils, which are required to be processed
by using the postprocessing liquid k and have the width of not
greater than W+, are selected; recording all related coil num-

0 bers;

65

If W >U, selecting from the coils which are required to be
processed by using the postprocessing liquid k and have the
width of not greater than W+:

Step 2-2-1: If there is no coil whose width is greater than or
equal to W%+L" in a coil set, selecting coils from narrow to
wide until the selected coils result in that the total weight of
the selected coils exceeds U,



US 9,181,626 B2

13

Step 2-2-2: If there are coils whose widths are greater than
orequal to W*+L" in the coil set, computing the total tonnage
W' of the coils whose widths are not less than W<+L"; if
W'=U, selecting coils whose width is not less than W#+L”
from wide to narrow until the selected coils result in that the
total weight of the selected coils exceeds U; otherwise, select-
ing all the coils whose widths are not less than W*+L"” and
selecting coils whose width is less than W*+L" from narrow
to wide until the total weight of the selected coils exceeds U,

Finally, selecting coils 1-8 into the current plan;

Step 3: Setting the initial processing schedule of the
selected coils of the electrogalvanizing line; classifying the
selected coils, then the coils with same postprocessing code
form a cluster; for any coil cluster, scheduling the coils from
thick to thin or from thin to thick in order to minimize the total
changeover costs of the coil schedule in the cluster; for two
adjacent clusters, if the coils in the preceding cluster are
scheduled from thin to thick or from thick to thin, the coils in
the next cluster are scheduled from thick to thin or from thin
to thick; in this way, the thickest or thinnest coil in the next
cluster is processed after the thickest or thinnest coil in the
preceding cluster; the method is as follows:

Step 3.1: Initializing the current post-processing code k as
the minimum post-processing code in the selected coils;

Step 3.2: If all the coils in the postprocessing mode are
scheduled, obtaining the original processing schedule of the
coils and outputting a result; otherwise, going to step 3.3.

Step 3.3: Scheduling the coils required to be processed by
using the postprocessing liquid k from wide to narrow; clas-
sifying the coils required to be processed by using the post-
processing liquid according to their widths, thus g coil sets
Q1> Qo5 - - -, 8y, are formed;

Step 3.4: Scheduling the coils in the coil sets Q,,
Qs . . -, §2;,. respectively, to form two coil schedules, where
the method to obtain the first schedule comprises the steps:
scheduling the coils in the coil set €, with odd labels from
thick to thin; scheduling the coils in the coil set €, with even
labels from thin to thick; the method to obtain the second
schedule comprises the steps: scheduling the coils in the coil
set £, with odd labels from thin to thick; scheduling the coils
in the coil set £, with even labels from thick to thin; com-
paring the two schedules; setting the coil schedule with the
minimum total stability defects as the initial coil schedule ¥
of the selected coils of the electrogalvanizing line;

Step 4: Improving the coil schedule of the electrogalvaniz-
ing line in time. The improving method comprises the follow-
ing steps:

Step 4.1: Initializing the parameters of the improving
method of the system stability; setting the current processing
schedule S? of the coils of the electrogalvanizing line as S%;
obtaining the current selected coil set CS and the current
available coil set CA, where CS is a coil set for all the coils
selected in the current processing schedule of the electrogal-
vanizing line; CA is a coil set of all the coils which are in
inventory or can be sent to the electrogalvanizing line in time
based on the processing state of the preceding line but not
selected in the current coil processing schedule of the elec-
trogalvanizing line; |CS| is the number of the coils in the
current selected coil set CS; ICAl is the number of the coils in
the current available coil set CA; obtaining the coil process-
ing schedules m, m,, ..., m g corresponding to the current
coil processing schedule S? of the electrogalvanizing line,
where m, is a coil which is the i” processed coil in the current
coil processing schedule of the electrogalvanizing line; cal-
culating the stability estimation value as follow:
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n n n (15)
f(S):/IIXZ Z (c§+c¥/+c§)x;j +/12><Z Pivi
i=1

=1 =1

Where, the stability estimation value is a system stability
penalty of the coil processing schedule S. The smaller the
penalty is, the stabler and more practicable the coil schedule
is;

Step 4.2: Calculating the stability estimation value f(S?) of
the current coil processing schedule of the electrogalvanizing
line;

Step 4.3: Determining the candidate improvement set P of
the current coil processing schedule S? of the electrogalva-
nizing line, the method of obtaining the coil processing
schedule including:

(1) Inserting the coils: On the premise of not violating the
production capacity constraints and postprocessing batching
constraints, obtaining a candidate improved coil processing
schedule by inserting new coils h in the current coil process-
ing schedule; the positions of the new coils h in the coil
processing schedule shall meet the processing constraints (1)
to (11) set by the system;

(2) Deleting the coils: On the premise of not violating the
production capacity constraints and postprocessing batching
constraints, obtaining a candidate improved coil processing
schedule with lower stability estimation value by deleting the
coil (i=1, 2, . . ., ICSI) from the current coil processing
schedule while ensuring that the width and thickness switch-
ing range of coil a,_; and coil m,,, does not violate the con-
straints (10), (11) after deleting the coil m;;

(3) Adjusting coil selection schemes: On the premise ofnot
violating the production capacity constraints, postprocessing
batching constraints and the processing constraints (2)to (11)
set by the system, obtaining a candidate improved coil pro-
cessing schedule with lower stability estimation value by
exchanging the coils in the coil CS in the current coil pro-
cessing schedule and the coils in the current available coil set
CA,;

(4) Adjusting the coil processing schedule: On the premise
of'not violating the production capacity constraints and post-
processing batching constraints, obtaining a candidate
improved coil processing schedule with lower stability esti-
mation value by adjusting the positions of the coils in the
current coil processing schedule through the exchange neigh-
borhood and the 2-opt neighborhood of the current coil pro-
cessing schedule;

Step 4.4: Establishing a reference set of improvement
schemes of the coil processing schedule; adding the previous
b1 candidate improvement schemes with better stability esti-
mation values in the current candidate improvement set P into
the reference set, i.e. RefSet={x, . . ., X, }; removing the b,
candidate improvement schemes from the candidate
improvement set P; computing the minimum distance
between each candidate improvement scheme in the current
candidate improvement set P and the current coil scheduling
scheme in the reference set; adding the candidate improve-
ment scheme of the coil processing schedule with the largest
minimum distance from the reference set into the reference
set RefSet; removing it from the candidate improvement set
P; repeating the process b, times; then, the current reference
set RefSet={x', ..., x’}, b=b,+b_;

Step 4.5: Generating b(b-1) new coil improvement
schemes based on any pair of coil processing schedules in the
reference set RefSet by using the combined method of the coil
scheduling schemes; improving the new improvement
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schemes; obtaining candidate coil scheduling improvement
schemes with better stability by using steps 4.3 (1) to (4);

Step 4.6: Updating the candidate improvement set P;
replacing solutions with poor stability in the candidate
improvement set P by the new candidate coil scheduling
improvement schemes with better stability;

Step 4.7: If the time that the best candidate improvement
scheme in the candidate improvement set P is not improved
reaches the upper limit of non-improvement iterations, stop-
ping selecting the candidate improvement scheme with the
best evaluation value in the candidate improvement set P as
the current improvement scheme;

Otherwise, go to step 4.4;

The obtained coil schedule of electrogalvanizing line is 8,
1,2,3,4,5,6,7,

Step 5: Displaying the obtained coil schedule at display
module interface.

Step 6: Sending the coil schedule to the automatic control
system of the production line through network to guide pro-
duction in real time.

The coil scheduling system for electrogalvanizing line in
steel industry comprises at least one PC, at least one cable
interface, optical cable interface or special telephone line
interface, and at least one router.

The PC comprises software of coil scheduling system for
electrogalvanizing line in steel industry, and the software
comprises a production environment setting module, a coil
selection module, a coil scheduling module, and a coil sched-
uling real-time improvement module; where the production
environment setting module is used for setting the processing
parameter of the coil production environment of the electro-
galvanizing line, describing a technological process, and
determining the improvement objectives and the constraints
of the technological process; FIG. 6 shows the main flow;

The coil selection module selects coils based on the current
processing state of the electrogalvanizing line; FIG. 7 shows
the main flow;

The coil scheduling module schedules the selected coils
based on the current coil selection, obtains various coil pro-
cessing schedules, and selects better coil schedule as the
current processing scheme;

FIG. 8 shows the main flow;

The coil scheduling real-time improvement module
improves the current coil processing schedule in real time on
line, and improves and obtains better coil processing scheme;
FIG. 9 shows the main flow;

When performing coil scheduling task, all the functional
modules of the system are cooperated;

FIG. 10 shows the operation relation of the functional
modules.

The PC is connected to the terminal of an enterprise auto-
matic control system of the electrogalvanizing line through a
network and an internal server.

What is claimed is:

1. A coil scheduling method for electrogalvanizing line in
steel industry, comprising:

Step 1: describing a technological process and determining

constraints of the technological process;

Step 2: selecting coils according to a current state of an
electrogalvanizing line; the selecting step comprising:
selecting the coils of the electrogalvanizing line to be
processed according to a current line state and an inven-
tory and production conditions of preceding lines:
firstly, judging postprocessing liquid k adopted by the
current line; computing the total weight W,” of the coils
that have been processed by using the postprocessing
liquid k; determining a current processing capacity of
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the postprocessing liquid according to a rated processing
range of the postprocessing liquid[L,”, U,”] set by a
system: Q=U,”-W,”;

if U,Z-W,”<U, the selection steps of the coils are as fol-
lows:

Step 2A-1: judging the current processing state of the line;
finding a width of a last coil in a production schedule
before a current formulated production schedule, that is
an upper limit of an available processing width W< of a
current roller;

Step 2A-2: determining a total weight of available coils in
a current production period according to a preceding
inventory of the electrogalvanizing line and a processing
condition of a preceding production line; classifying the
coils in a required postprocessing mode; computing a
total tonnage W, of the available coils which should be
processed by using the postprocessing liquid k and have
the width of not greater than W; judging as follows:

if W,=Q, all the coils, which should be processed in the
required postprocessing liquid k and have the width of
not greater than W<, are selected; recording all related
coil numbers;

if W, >Q, selecting from the coils which should he pro-
cessed in the required postprocessing liquid k and have
the width of not greater than W, the selecting step
comprising:

Step 2A-2-1: if there is no coil whose width is greater than
or equal to W+L" in a coil set, selecting coils from
narrow to wide until newly added coils cause a current
total weight of the selected coils to exceed U,”-W,”;

Step 2A-2-2: if there are coils whose widths are greater
than or equal to W<+L" in the coil set, computing a total
tonnage W' of the coils whose widths are not less than
WAL, ifW'2U,7-W, 7, selecting coils whose width is
not less than W*+L" from wide to narrow until the total
weight of the selected coils exceeds U;”-W,”; other-
wise, selecting all the coils whose widths are not less
than W+L” and selecting coils whose width is less than
W-4+L"” from narrow to wide until the total weight of the
current selected coils exceeds U,”-W,”;

Step 2A-2-3: if the total weight of the selected coils does
not meet a lower bound of the total weight of the selected
coils, selecting coils required to be processed in the other
postprocessing liquid; selecting coils according to an
ascending order of postprocessing codes, i.e., firstly
selecting the coils in a postprocessing mode g=k+1;
updating an upper weight limit of the selected coils as
U=U-(U, -W,"):

(1) if the total weight of available coils required to be
processed by using a postprocessing liquid g meets
W, 2U', selecting coils required to be processed by using
the postprocessing liquid g from narrow to wide until the
total weight of selected coils exceeds U;

(2) if the total weight of available coils required to he
processed by using the postprocessing liquid g meets
Wg<U', selecting all the coils required to be processed
by using the postprocessing liquid g, updating k=k+1,
and going to step 2A-2-3;

wherein, updating k as the smallest postprocessing code if
a current postprocessing code k in the step 2A-2-3(2) is
the largest postprocessing code; the current postprocess-
ing code g of selecting means the postprocessing code
that the selected coils correspond to;

65 IfUS-W,>U, the selection steps of the coils are as follows:

Step 2B-1: judging the current processing state of the line;
finding the width of the last coil in the schedule before
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the current formulated schedule, that is the upper limit of
the available processing width W+ of the current roller;

Step 2B-2: determining the total weight of available coils
in the current production period according to the preced-
ing inventory of the electrogalvanizing line and the pro-
cessing state of a preceding production line; classitying
the coils in a required postprocessing mode; computing
the total tonnage W, of the available coils which are
required to be processed by using the postprocessing
liquid k and have the width of not greater than W<,
judging as follows:

if W <U, all the coils, which are required to be processed
by using the postprocessing liquid k and have the width
ofnot greater than W<, are selected; recording all related
coil numbers;

if W, >U, selecting from the coils which are required to be
processed by using the postprocessing liquid k and have
the width of not greater than W+:

Step 2B-2-1: if there is no coil whose width is greater than
or equal to W*+L" in the coil set, selecting coils from
narrow to wide until the selected coils result in that the
total weight of the selected coils exceeds U,

Step 2B-2-2: if there are coils whose widths are greater
than or equal to W“+L" in the coil set, computing the
total tonnage W' of the coils whose widths are not less
than W+L"; if W'=U, selecting coils whose width is not
less than W*+L" from wide to narrow until the selected
coils result in that the total weight of the selected coils
exceeds U; otherwise, selecting all the coils whose
widths are not less than W*+L"” and selecting coils
whose width is less than W*+L"” from narrow to wide
until the total weight of the selected coils exceeds U,

Step 2B-2-3: if the total weight of the selected coils does
not meet the lower bound of the total weight of the
selected coils, selecting coils in the other postprocessing
mode; selecting coils according to the ascending order
of the postprocessing codes, i.e., firstly selecting the
coils in the postprocessing mode g=k+1; updating the
upper weight limit of the total weight of the selected
coils as U'=U-W,:

(1) if the total weight of available coils required to be
processed by using the postprocessing liquid g meets
W, zU', selecting coils in the postprocessing mode g
from narrow to wide until the total weight of the selected
coils exceeds U,

(2) if the total weight of available coils required to be
processed by using the postprocessing liquid g meets
W, <U', selecting all the coils in the postprocessing
mode g, updating k=k+1, and going to step 2B-2-3;

Step 3: setting an initial processing schedule ofthe selected
coils of the electrogalvanizing line; classifying the
selected coils, then the coils with same postprocessing
code form a cluster; for any coil cluster, scheduling the
coils from thick to thin or from thin to thick in order to
minimize the total changeover costs of a coil schedule in
the cluster; for two adjacent clusters, if the coils in a
preceding cluster are scheduled from thin to thick or
from thick to thin, the coils in a next cluster are sched-
uled from thick to thin or from thin to thick; in this way,
the thickest or thinnest coil in the next cluster is pro-
cessed after the thickest or thinnest coil in the preceding
cluster; the method is as follows:

Step 3-1: initializing the current postprocessing codek as a
minimum postprocessing code in the selected coils;
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Step 3-2: if all the coils in the postprocessing mode are
scheduled, obtaining an original processing schedule of
the coils and outputting a result; otherwise, going to step
3-3;

Step 3-3: scheduling coils required to be processed by
using the postprocessing liquid k from wide to narrow;
classifying the coils required to be processed by using
the postprocessing liquid according to their widths, thus
g coil sets Qy, Qps, . . ., L, are formed;

Step 3-4: scheduling the coils in the coil sets €2, £2,,, . . .
€2;,, respectively, to form a first and a second coil sched-
ules, wherein the first schedule comprising: scheduling
the coils in the coil set £, with odd labels from thick to
thin; scheduling the coils in the coil set €, with even
labels from thin to thick; the second schedule compris-
ing the steps: scheduling the coils in the coil set €, with
odd labels from thin to thick; scheduling the coils in the
coil set £, with even labels from thick to thin; compar-
ing the first and second schedules; setting the coil sched-
ule with the minimum total stability defects as the initial
coil schedule S’ of the selected coils of the electrogalva-
nizing line;

Step 4: improving the coil schedule of the electrogalvaniz-
ing line in time; the improving method comprises the
following steps:

Step 4-1: initializing the parameters of the improving
method of a system stability; setting a current processing
schedule S? of the coils of the electrogalvanizing line as
S7; obtaining a current selected coil set CS and a current
available coil set CA, wherein CS is a coil set for all the
coils selected in the current processing schedule of the
electrogalvanizing line; CA is a coil set of all the coils
which are in inventory or can be sent to the electrogal-
vanizing line in time based on the processing state of the
preceding line but not selected in the current coil pro-
cessing schedule of the electrogalvanizing line; ICSI is
the number of the coils in the current selected coil set
CS; ICAl is the number of the coils in the current avail-
able coil set CA; obtaining the coil processing schedules
m;, m,, . .., Mg corresponding to the current coil
processing schedule S? of the electrogalvanizing line,
wherein m, is a coil which is the 1 processed coil in the
current coil processing schedule of the electrogalvaniz-
ing line; setting a stability estimation value as the for-
mula:

~ 2 n 1)
f(S):/IIXZ Z (05+c¥/ +c§)xisj+/12><z p;yf
i=1

i=1 =1

in the formula, the stability estimation value is a system
stability penalty of the coil processing schedule S, the
smaller the penalty is, the stabler and more practicable
the coil schedule is,

Step 4-2: computing the stability estimation value f(S%) of
the current coil processing schedule of the electrogalva-
nizing line;

Step 4-3: determining a candidate improvement set P of the
current coil processing schedule SZ of the electrogalva-
nizing line; obtaining the improving method of the coil
processing schedule, as follows:

(1) inserting the coils: on a premise of not violating the
production capacity constraints and postprocessing
batching constraints, obtaining a candidate improved
coil processing schedule by inserting new coils h in the
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current coil processing schedule; the positions of the
new coils hinthe coil processing schedule shall meet the
processing constraints (1) to (11) set by the system;

(2) deleting the coils: on the premise of not violating the
production capacity constraints and postprocessing
batching constraints, obtaining a candidate improved
coil processing schedule with lower stability estimation
value by deleting the coil m,, (i=1, 2, .. ., ICSI) from the
current coil processing schedule while ensuring that the
width and thickness switching range of coil m,_, and coil
m,,, does not violate the constraints (10), (11) after
deleting the coil m;

(3) adjusting coil selection schemes: on the premise of not
violating the production capacity constraints, postpro-
cessing batching constraints and the processing con-
straints (2) to (11) set by the system, obtaining a candi-
date improved coil processing schedule with lower
stability estimation value by exchanging the coils in the
coil CS in the current coil processing schedule and the
coils in the current available coil set CA;

(4) adjusting the coil processing schedule: On the premise
of not violating the production capacity constraints and
postprocessing batching constraints, obtaining a. candi-
date improved coil processing schedule with lower sta-
bility estimation value by adjusting the positions of the
coils in the current coil processing schedule through the
exchange neighborhood and the 2-opt neighborhood of
the current coil processing schedule;

wherein, the exchange neighborhood of the current coil
processing schedule refers to: a set of all the possible coil
schedules obtained by exchanging the positions of any
two coils in the coil processing schedule of the electro-
galvanizing line on the premise of not violating the
processing constraints (2) to (11) set by the system;

2-opt neighborhood refers to: a set of all the possible coil
schedules obtained by exchanging any two coil adjacent
relations in the coil processing schedule of the electro-
galvanizing line on the premise of not violating the
processing constraints (2) to (11) set by the system;

Step 4-4: establishing a reference set of improvement
schemes of the coil processing schedule; adding the
previous b1 candidate improvement schemes with better
stability estimation values in the current candidate
improvement set P into the reference set, i.e.
RefSet={x,, . . ., X,,}; removing the b, candidate
improvement schemes from the candidate improvement
set P; computing the minimum distance between each
candidate improvement scheme in the current candidate
improvement set P and the current coil scheduling
scheme in the reference set; adding the candidate
improvement scheme of the coil processing schedule
with the largest minimum distance from the reference
set into the reference set RefSet; removing it from the
candidate improvement set P; repeating the process b,
times; then, the current reference set RefSet={x", . . .,
x°}, b=b,+b,;

Step 4-5: generating b(b-1) new coil improvement schemes
based on any pair of coil processing schedules in the
reference set RefSet by using the combined method of
the coil scheduling schemes; improving the new
improvement schemes; obtaining candidate coil sched-
uling improvement schemes with better stability by
using steps 4-3(1) to 4-3(4);

the combined method of the coil scheduling schemes com-
prises the steps: firstly, contrasting the coil selection of
two coil processing schedules; obtaining a set comprised
by the coils selected by the two coil scheduling schemes;
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secondly, determining the processing positions of the
coils in the set comprised by the coils selected by the two
coil scheduling schemes; if adjacent coils both belong to
set comprised by the coils selected by the two coil sched-
uling schemes, the adjacent relation in the coil process-
ing schedules with better system stability is adopted; if
adjacent coils do not belong to the set comprised by the
coils selected by the two coil scheduling schemes, trying
to insert the coils into primal positions; obtaining the
coil processing schedule with better evaluation;

Step 4-6: updating the candidate improvement set P;
replacing solutions with poor stability in the candidate
improvement set P by the new candidate coil scheduling
improvement schemes with better stability;

Step 4-7: if the time that the best candidate improvement
scheme in the candidate improvement set P is not
improved reaches the upper limit of non-improvement
iterations, stopping selecting the candidate improve-
ment scheme with the best evaluation value in the can-
didate improvement set P as the current improvement
scheme; otherwise, going to the step 4-4.

2. The coil scheduling method for electrogalvanizing line

in steel industry of claim 1, wherein step 1 of the technical
process is described by establishing a coil production model
of the electrogalvanizing line, comprising:

Step 1-1: the objective function of the coil production
model of the electrogalvanizing line is:

S = (9]
inimi E P, W, T
minimize A; X E (ch+cjf +cjx+ 2 x § pivi
= = =

in the formula, A, represents the weight of the effect of the
production switching (i.e. postprocessing (each postpro-
cessing mode corresponds to a distinct postprocessing
code and a distinct postprocessing liquid), width and
thickness) on the stability of the production system; A,
represents the weight of the effect of selection of the
coils on the stability of the production system; cl.jP rep-
resents system stability defect penalty caused by chang-
ing the postprocessing liquid if coil j is processed imme-
diately after coil i; cierepresents system stability defect
penalty caused by width changeover if coil j is processed
immediately after coil i; cijT represents system stability
defect penalty caused by thickness changeover if coil j is
processed immediately after coil i; p, represents system
stability influence penalty of processing the selected coil
by the current coil selection schedule; decision variable
x,, represents the adjacent relation between the coil i and
the coil j in the continuous electrogalvanizing process-
ing schedule; when the coil i is processed immediately
before the coil j, x,; is 1; otherwise, x,; is 0; decision
variable y, represents whether the coil i 1s selected to be
processed in the continuous electrogalvanizing process-
ing schedule; when the coil i is selected to be processed,
y, is 1; otherwise, y, is 0; the number of available coils to
be processed is n;

Step 1-2: initializing the parameters of the production sys-
tem of the electrogalvanizing line based on the upper
limit and the lower limit of the processing capacity ofthe
electrogalvanizing line within the coil processing plan,
the upper limit and the lower limit of the processing
capacity of a postprocessing liquid, the width
changeover range and the thickness changeover range,
the coils in preceding inventory, the coils that are esti-
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mated to be arrived in electrogalvanizing line in time and
are being processed in the preceding production line
now, and the current processing state of the electrogal-
vanizing, line; the formula is as follows:

setting system stability defect penalty cijP caused by
changing the postprocessing liquid if coil j is processed
immediately after coil i, as follows:

if the postprocessing liquid required by (12)

»
P 77" the coil i and the coil j are different

0, otherwise

wherein, kpj—lp represents system stability defect penalty
incurred by the initialization of the postprocessing liquid

corresponding to the postprocessing code pj‘l;

setting system stability defect penalty caused by width
changeover if coil j is processed immediately after coil i;
the formula is as follows:

ay - (w; —w;)), IfOsw;—ijWfandt;<IL (13)

ay - (wp —wy), If Oﬁwi—wj-swé and 7; = &
0o, If wi—w; <0

af - (w; —w;), otherwise

wherein, o,” represents the penalty of the unit width
changeover under the condition that the thickness of the
preceding processed coil is less than t* and the width
changeover is not more than w,%; a,” represents the
penalty of the unit width changeover under the condition
that the thickness of the preceding processed coil is not
less than t* and the width changeover is not more than
w,r; a,” represents the penalty of the unit width
changeover not satisfying the condition that the thick-
ness of the preceding processed coil is less than t* and
the width changeover is not more than w,* or the thick-
ness of the preceding processed coil is not less than t*
and the width changeover is not more than w,* when
processing from wide to narrow; t* represents a thick-
ness boundary value during calculating system stability
defect penalty caused by thickness changeover; w,* and
w, represent width boundary values during calculating
system stability defect penalty caused by width
changeover; setting system stability defect penalty
caused by thickness changeover if coil j is processed
immediately after coil i; the formula is as follows:

(o maxin o (14)

min {7, 2;}

wherein, o represents the unit system stability defect pen-
alty incurred by the thickness changeover;

setting the system stability influence penalty p, incurred by
processing the selected coil i in the current coil schedule.

3. The coil scheduling method for electrogalvanizing line
in steel industry of claim 2, wherein the constraints of the coil
production model of the electrogalvanizing line of step 1-1
comprises constraints to keep feasibility and operation con-
straints in electro-galvanizing line:
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1) the formula of the constraints to keep feasibility is:

Z Xij = Vi @

JeNi}

VieN

D, %=V ©

ieNVj}

VjeN

Z X =181 -1 @

ijes
vScil?2,...
2=|Sl=n

,n—1,n},

Xy, yi €40, 1} )
Vi=1,2,... ,n-1,
n,

j=L2,... ,n=1,n

wherein, N indicates a set of available coils in the preced-
ing inventory; formulas (2) and (3) provide a relation-
ship between decision variables x;; and y,; formula (4)
are used for preventing the coils from being preempted
in the working process; formula (5) are the range of
decision variables x,; and y,;

in addition to having the above system constraints to keep
feasibility according to formulas (2) to (5), the electro-
galvanizing line has operation constraints- in electro-
galvanizing line during processing the coils:

2) the formula of the constraints for ensuring that the for-
mulated coil processing schedule satisfies the upper
limit and the lower limit of the total weight of the pro-
cessed coils is as follows:

Lsz why; < U ©

ieN

VieN

wherein, [ indicates the lower limit of the total weight of
the processed coils in a single production plan of the
electrogalvanizing line; U indicates the upper limit of
the total weight of the processed coils in a single pro-
duction plan of the electrogalvanizing line; wt , indicates
the weight of the coil i of the electrogalvanizing line;

3) the postprocessing batching constraints comprise con-
straints for determining the total weight of the coils in
the same postprocessing liquid after processing any coil
in the coil processing schedule with the same postpro-
cessing requirement: the formula is as follows:

W;=(1 —zj)x(W; + Z wtjx;j] @

JjeN

VjeN

and constraints for guaranteeing that the total weight of the
coils in the same postprocessing liquid satisfies the
upper limit and the lower limit of the total weight of the
coils in the same postprocessing liquid, the formula is as
follows:

P, Po\g:
L, z=WsU, 1 ZVi EN (8)
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wherein, ij—lp indicates the lower limit of the total weight
of the continuous processed coils with the postprocess-
ing code of pj"l; pj"1 indicates the postprocessing code
of the coil j; W, indicates the total weight of the pro-
cessed coils in the same postprocessing liquid after pro-
cessing the coil j; Upj—lp indicates the upper limit of the
total weight of the continuous processed coils with the
postprocessing code of pj"l; z; indicates a decision vari-
able; when the postprocessing code of the coil j and the
postprocessing code of the coil processed immediately
before the coil j are identical, it is 0; otherwise, it is 1;

4) the formula of the constraints of the width switching
trend for ensuring that the coils in the same postprocess-
ing liquid are processed from wide to narrow is as fol-
lows:

(w-w))xx;=0¥i EN, j EN, p, ' =p;™* )

wherein, w; represents the width of the coil j;

5) the formula of the constraints of the width changeover
range for ensuring that the changeover of the exit width
between two adjacent coils in the electrogalvanizing
processing plan does not exceed the allowed range is as
follows:

L7s(w-w)xx,=U"Vi EN, jEN 10)

wherein, L” is the lower limit of the width changeover
range in the coil processing schedule of the electrogal-
vanizing line; U” is the upper limit of the width
changeover range in the coil processing schedule of the
electrogalvanizing line;

6) the formula of the constraints of the thickness
changeover range for ensuring that the changeover of the
exit thickness between two adjacent coils in the electro-
galvanizing processing plan does not exceed the allowed
range is as follows:

Ls(t~t,)xx,sU'Vi EN, jEN, an

wherein, L7 represents the lower limit of the thickness
changeover range in the coil processing schedule of the
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electrogalvanizing line; U” represents the upper limit of
the thickness changeover range in the coil processing
schedule of the electrogalvanizing line; t, represents the
thickness of the coil i; t; represents the thickness of the
coil j.

4. A system using the coil scheduling method for electro-

galvanizing line in steel industry of claim 1, comprising:

at least one personal computer (PC), wherein the system
performs the method of claim 1;

at least one cable interface or fiber optic cable interface or
special telephone line interface; and

at least one router,

wherein the PC comprises a non-transitory memory con-
taining a software of the system for scheduling the coils
of the electrogalvanizing line; the software comprises a
production environment setting module; a coil selection
module; a coil scheduling module and a coil scheduling
real-time improvement module, wherein the production
environment setting module is used for setting the pro-
cessing parameters of the production environment of the
electrogalvanizing line, describing a technological pro-
cess, and determining the improvement objectives and
the constraints of the technological process; the coil
selection module is used for selecting the coils and deter-
mining the coil selection scheme according to the cur-
rent processing state of the electrogalvanizing line; the
coil scheduling module is used for scheduling the
selected coils based on the current coil selection condi-
tion, obtaining various processing schedules of the coils
and selecting a better coil schedule as the current pro-
cessing scheme; the coil scheduling real-time improve-
ment module is used for conducting online real-time
improvement on the current coil processing scheme,
improving the processing scheme and obtaining better
coil processing schedules; the PC is connected to the
terminal of an enterprise automatic control system ofthe
electrogalvanizing line through a network and an inter-
nal server.



